Summary.-A calcitonin-responsive adenylate cyclase has been found in a cell line of a poorly differentiated bronchial carcinoma (BEN cells The characteristics of the adenylate cyclase response to SCT did not change over the period between cell adhesion (after subculture) and confluence. However, preincubation of cells for 4 h with SCT (150 nM) abolished the subsequent adenylate cyclase response of particulate preparations to further hormone. The practical difficulties encountered in purifying and quantifying the large-mol.-wt. form of CT-M secreted by BEN cells has precluded direct investigation of the potential relationship between hormone secretion and the occurrence of the calcitonin receptor. This relationship is discussed in terms of its possible biological significance.
calcitonin (SCT), porcine calcitonin (PCT) and human calcitonin (CT-M) all stimulated adenylate cyclase activity in particulate preparations. CT-M sulphoxide had little effect. The concentrations of the calcitonins required for half the maximum activation of adenylate cyclase were 6-8, 18 and 90 nM respectively. SCT (30 pM) and CT-M (60 pM) increased the intracellular concentration of cyclic AMP from 11.2+0-2 (s.e.) to 18-2 + 0-2 and 16-7 ± 0-2 respectively over a 2*5-min period.
SCT (labelled with 1251) bound to particulate preparations of BEN cells, and competition for binding occurred with unlabelled SCT and CT-M. The concentration of SCT required for half the maximum inhibition of [125I]SCT binding was 11 nm. CT-M sulphoxide inhibited only at high concentration (3Mm). The characteristics of the adenylate cyclase response to SCT did not change over the period between cell adhesion (after subculture) and confluence. However, preincubation of cells for 4 h with SCT (150 nM) abolished the subsequent adenylate cyclase response of particulate preparations to further hormone. The practical difficulties encountered in purifying and quantifying the large-mol.-wt. form of CT-M secreted by BEN cells has precluded direct investigation of the potential relationship between hormone secretion and the occurrence of the calcitonin receptor. This relationship is discussed in terms of its possible biological significance. THE development of neoplasia in animal tissues is associated with striking changes in cell function. Release of " foetal reversion products ", such as carcinoembryonic antigen (CEA) and ofoetoprotein (Neville and Cooper, 1976) and ectopic hormone production (Rees and Ratcliffe, 1974) are common examples. Other phenomena which have been observed are changes in the number or type of hormone receptors at the cell surface (Schorr et al., 1971; Christoffersen et al., 1972; Christoffersen et al., 1974; Boyd, Louis and Martin, 1974; Christoffersen and Berg, 1975) and alterations in the metabolism of cyclic nucleotides (Clark, Reprint requests to Professor T. J. Martin. Morris and Weber, 1973; Minton, Wisenbaugh and Matthews, 1974; Ryan and Heidrick, 1974; DeRubertis, Chayoth and Field, 1976) . In reviewing evidence in the latter field, it was apparent that intracellular cyclic adenosine 3',5'-monophosphate (cyclic AMP) levels could not be regarded as having a simple negative correlation with growth, particularly in view of the fact that some tumours in vivo had high levels of cyclic AMP (Minton et al., 1974) and of adenylate cyclase . This led to the view that the regulation of intracellular cyclic AMP levels might be less important for cell growth than for the expression of certain metabolic functions of cancer cells.
The present experiments arose out of studies of hormone-responsive adenylate cyclase in cancer cells possessing the particular function of " inappropriate " hormone production . A human cancer cell line which continuously secreted a large-mol.-wt form of human calcitonin (Ellison et al., 1975 (Ellison et al., , 1976a Coombes et al., 1976 Coombes et al., , 1977 (Ellison et al., 1975) .
Cells were cultured in 45% TC199 HEPES buffered medium (Biocult) plus 45% Dulbecco's Eagle's bicarbonate-buffered medium, plus 10% outdated human plasma in 25-cm2 plastic Falcon flasks. 100 ug/ml kanamycin and 25 ,ug/ml amphotericin B were added to the medium. Cultures were gassed (5% CO2 in air) and maintained at 37°C. Cells were subcultured each week. They have continued to secrete CEA and calcitonin since the earlier report (Ellison et al., 1975 .
Adenylate cyclase activity.-Assays were carried out when cell cultures were at or near confluence, unless otherwise indicated.
Medium was decanted from the culture flasks and the cells rinsed twice with 5 ml 0-154M NaCl. Cells were scraped from the surface with a plastic " policeman " and homogenized in an all-glass, hand-held homogenizer (6 strokes) in the buffer used for the enzyme assay (25 mm Tris HCI, pH 7-8, 4.5 mM Mg2+, 30 mm K+). After centrifugation (2200 g for 10 min) the particulate preparation was resuspended for assay. The adenylate cyclase assay system has been described previously (Salomon, Londos and Rodbell, 1974) .
[3H]cyclic AMP added at the column stage was used to monitor recoveries, which were 75-85%. Protein concentrations were measured by the method of Hartree (1972) . Cyclic AMP measurement.-Replicate cultures were established in plastic Leightontype tubes. When the cultures had grown to near confluence (approximately 3 x 106 cells per tube) media were changed and a 30-min equilibration period allowed, in medium containing 01 % bovine serum albumin (Armour) and no plasma. To this medium was added either hormone in 20 ,u 10 mM acetic acid or acetic acid alone. Ten min later the medium was decanted, the cells were quickly rinsed twice with 3 ml cold 0.154m saline, and 1 ml 50 mm NH40H was added to remove the cells. After boiling for 5 min, the residue was freeze-dried and reconstituted for assay by the protein-binding method of Brown et al. (1971) . The overall procedure was validated by (i) adding unlabelled cyclic AMP to cell cultures and showing that recovery was quantitive, and (ii) establishing parallelism between serially diluted samples and assay standards.
Calcitonin binding.-Synthetic salmon calcitonin was labelled with 125I by the method of Hunter and Greenwood (1962) , using 2 jig of chloramine T as oxidant. In the case of SCT this has been shown to produce biologically active labelled hormone (Marx, Fedak and Aurbach, 1972; Sraer and Ardaillou, 1973) . After purification using Quso G32 (Yalow and Berson, 1966 After preliminary experiments showed that binding was maximal at 10 min, and began to decline slowly at 20 min, incubation times of 15 min were used. At the end of this period, 100 jlI samples were removed from incubation mixtures and layered on top of 200 ul of 10 g/100 ml sucrose in polypropylene tubes and centrifuged at 10,000 g for 2 min in a Beckman Microfuge. After aspirating the supernatant, the tips of the tubes were cut off and counted in a Packard Auto Gamma counter.
RESULTS
When a number of hormones were tested at high concentrations, the adenylate cyclase of the BEN cell membranes was activated by isoprenaline, prolactin, human growth hormone, and SCT (Table I ). The greatest stimulation was obtained with SCT and this was always of greater magnitude than the effect of fluoride. The effects of prolactin and growth hormone were small but reproducible, and were seen only at high concentrations. Isoprenaline also consistently caused a minor increase in adenylate cyclase activity, but this was not investigated in detail. When the calcitonin response was examined further, calcitonins of three species were found to produce dose-dependent effects on adenylate cyclase at low hormone concentrations (Fig. 1) . Half-maximal activation of adenylate cyclase by porcine, human and salmon calcitonins was produced by concentrations of 18 nm, 90 nm and about 7 nm respectively. The sulphoxide form of CT-M, which has little or no calciumlowering activity in the rat (Neher et al., 1968) , produced asmall activation ofadenylate cyclase at a concentration of 600 nM.
When intact cells were tested, both SCT and CT-M increased the cellular levels of cyclic AMP over a 2-5-min period. Control cells contained 11-2 + 0-2 (s.e.) pmol cyclic AMP/tube, whereas SCT (30 pM) increased the level to 18-2 i 0-2 pmol (P < 0*001) and CT-M (60 pM) increased it to 16 7 ± 0.2 pmol (P < 0 001). [1251]SCT bound to particulate preparations of BEN cells, and competition for binding was shown by unlabelled SCT and, at higher concentrations, by CT-M (Fig. 2) . In much higher concentrations (3/,tM), CT-M sulphoxide competed to some extent for binding. The concentration of SCT required for half-maximal inhibition of binding of labelled hormone was about 11 nm.
To determine whether hormone response varied with stages of culture confluence, the adenylate cyclase response was tested in membranes prepared from (Table II) show that no change in responsiveness occurred. In view of the overall results of this experiment, the single observation (Day 11) of a possibly higher requirement of SCT for half the maximum activation of adenylate cyclase cannot be regarded as significant.
In view of the possible implications of the above observations, namely that a calcitonin-producing tumour cell could respond to its own apparent product, 2 further series of experiments were carried out. In the first, salmon calcitonin was applied to cultured cells for 4 h before the cells were washed and assayed for calcitonin-responsive adenylate cyclase activity. Whereas membranes from control cells responded as usual (Table III) , those pre-incubated with calcitonin were found to be resistant to adenylate cyclase activation by the hormone. In the second, a sample of medullarv thyroid carcinoma tissue was obtained at surgery from a patient known to have high levels of calcitonin. The adenylate cyclase response of membranes from this tumour was studied, and was found to be stimulated only bv gluca,gon (Table IV) The BEN cell line has been known for some time to produce CEA and calcitonin (Ellison et al., 1975) . The latter has been measured by radioimmunoassay, and has been shown recently to be secreted in a form which is of higher molecular weight than monomeric human calcitonin, although mild trypsin treatment converts it to the size of CT-M on gel filtration (Coombes et al., 1977) . The observation that BEN cells also had a calcitoninresponsive adenylate cyclase was a surprising one, but the present evidence (Marx et al., 1974) , these were not associated with any demonstrable cell activation process. The BEN cells on the other hand possess a receptor which is probably concerned with the stimulation of adenylate cyclase by calcitonin. It is possible that the BEN cell population is not homogeneous, and contains one subpopulation which secretes calcitonin and one which has a calcitonin receptor. However, homogeneity, as assessed by morphological and functional (production of CEA and calcitonin) criteria, has been maintained over some 120 passages in 31 months (Ellison et al., 1975; Ellison, unpub.) by increasing acetylcholinesterase production (Goldstein, Brodeur and Ross, 1973) and bind nerve growth factor at their membranes (Revoltella et al., 1974) . A mouse neuroblastoma cell line also secretes nerve growth factor (Murphy et al., 1975) , but the phenomena have not been studied concurrently.
The possibility therefore remains that the cells respond to their own hormonal product. Earlier studies had indicated that the BEN calcitonin was biologically active in one in vitro system, since it inhibited 45Ca release from mouse calvaria maintained in culture (Ellison et al., 1975) . Subsequent assays of partially purified media, however, have shown that the calcitonin from BEN cells is ineffective in lowering serum calcium in assay rats when given at doses (20 ng calcitonin immunoassay equivalents) which should be effective (Coombes et al., 1977 (Coombes et al., 1977) , the biological activity seen in bone culture may be explained by trypsinlike activity in the bone culture system. The secretion of calcitonin by BEN cells is under a type of negative feedback control, in that progressive dilution of culture medium leads to a constant calcitonin concentration (Ellison et al., 1976a,b) . This is similar to the feedback shown for calcitonin release from medullary thyroid cancer cells (Ellison et al., 1976b) and for thyroid C cells (Orme and Pento, 1976) . The mechanism of this feedback is unknown and may be unrelated to the presence of the calcitonin receptor. Medullary thyroid carcinoma does not appear to possess calcitonin receptors linked to adenylate cyclase (Table IV) . It should also be noted that in mammalian calcitonin-secreting cells, cyclic AMP stimulates hormone production rather than inhibits it (Bell and Queener, 1974; Gautvik and Tashjian, 1974) . The mechanism could be different in BEN cells, although certain other features of the regulation of calcitonin secretion in culture are similar to those observed in mammalian C cells in vitro (Ellison et al., 1976a ).
Other possible autoregulatory roles for the calcitonin receptor are in the control of cell proliferation by means of calcitonininduced changes in the cell's cyclic AMP, and in the control of secretion of CEA, also a product of BEN. N6-monobutyryl cyclic AMP has been shown to enhance CEA production and increase the mean cell-doubling time in BEN cultures (Ellison et al., 1976b) . If BEN calcitonin does interact with calcitonin receptors on the cells, however, it seems likely that adenylate cyclase response would change with lengthening exposure to increasing hormone concentrations, since regulation of receptor numbers and affinities by hormones has been reported in a number of systems (Lesniak et al., 1974;  Hinkle and Tashjian, 1975; Mukherjee, Caron and Lefkowitz; , and is suggested by the experiment described in Table III . Similarly, adenylate cyclase response would be expected to change with time after subculture, if the enzyme were associated with autoregulation. 
